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(57) Abstract: A method and apparatus for 
continuously processing fiber into an elastom^c 
component uses an expanding die (11, I la) 
for orienting fibers in other than the processing 
direction of the extrusion. In one embodiment, 
an injection mold (50) is used with the expanding 
die (1 1), and in another embodiment, an extruder 
(30) is used with expanding die (11 a). Processing 
parameters may be alteredto control the direction 



component. Orientation of fibers (20) in an 
extrudate (17) is dependent on the processing 
speed, viscosity of the elastomer, pressure of 
extmsion, fee length and U iL":d heigh: h, 
end h2 of gate (12) and expansion cavity (14), 
respectively, of the expansion die (1 1, 1 !: a). 
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ORIENTATION OF SHORT FIBERS IN A CONTINUOUS PROCESS 
Tedmical Field 

The invention relates to a method and apparatus for orirating fibers in a polymer, and an 
article using such fibers. 
Background Art 

Composite articles comprising an elastomeric base material and reinforcing fibers are 
known in the art. Reinforcing fibers improve mechanical properties, such as abrasion 
resistance, tensile strength, compression resistance, and the like in a composite article. Fiber 
distribution and orientation affect such properties, and controlling fiber orientation is 
important for providing a composite article having specific mechanical properties. 

Known techniques for orienting reinforcing fibers in an elastomeric material are 
generally methods for orienting fibers in a composite in a direction which is consistent with 
and parallel to the material flow direction in processing equipment. It is difficult to orient 
reinforcing fibers in a composite article in a direction which differs from the direction of 
material flow, and it is especially difficult to orient fibers in a composite in a direction 
perpendicular to the flow of the material in processiug equipment. 

One method for orienting fibers in a composite article in a direction which varies from 
the direction of material flow is disclosed in U.S. Patent No. 5,156,907 wherein a heated 
mixture of molding compound (glass) and fibers (carbon) is injected through an elongated 
injection port into a die. The injection port has a thickness which is purported to be between 
30%-70% of the die thickness. The optimum fiber length is 0.5 inches (1.27 cm) for the 
particular carbon fiber/glass matrix utiliz;ed. 

U.S. Patent No. 5,281,380 discloses a fiber reinforced elastic sheet in which staples 
are oriented in the vertical direction of the sheet. Staple material, such as Nylon 66, is mixed 
into thermoplastic material and extruded through a molding die. The molding die includes a 
weir portion which is said to initially orient the fibers in the flow direction. Downstream 
from the weir portion is a flow passage which has a dimension at least twice that of the weir 
portion. After passing through the weir portion, the flow direction is changed, thereby 
cliaiigiiig the fiber orientation with respect to the sheet surface, ihe sheet so formed can then 
be further processed for an intended application. 

IP 1304924 A (dated 19891208) describes orientation of short fibers in a robber matrix 
using an extruder with an expanding die. An elastomer is extrude through a passage running 
from a cylindrical inlet space to a cylindrical outlet space to produce a cylinder axis body. 
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BE 842865 (dated 19761212) describes extrusion dies for balancing flow orientation, 
causing radial divergence to counter longitudinal orientation of fiber, fillers, etc. 

RD 186061 A (dated 19791010) describes dispersed fibers in a reinforced strip, for 
example a bead filler, by extruding the strip through a die which orients fibers mainly in a 
5 plane perpendicular to the extrusion axis. The fibers are extruded in a thermoplastic or 
thermosetting polymer. 

In PCT/US96/15237, methods and apparatuses are described for orienting short fibers 
(fibers having a length of 0.1 microns to 10' microns) in a composite article formed by 
injection molding a molding compound comprising a fiber/elastomeric material blend. The 

10 fibers utilized are known as "short fibers" in the art. 
Disclosure of Invention 

A method of continuously producing fiber reinforced elastomer components having length, 
depth and width, and having fiber orientation at angles to the length direction of the component, 
comprises the sequential stqjs of: (a) extruding, injecting or calendering a fiber reinforced 

15 elastomer such that fibers are oriented in the direction of processing of the elastomer; (b) forcing 
the elastomer through a die (11) having a gate (12) having a gap height hj larger than the average 
length of the fiber; (c) providing an abrupt expansion cavity (14) in the die (10) adjacent to the 
gate (12); (d) maintaining the viscosity of the elastomer such that the elastomer passes through the 
gate (12) as a ribbon (16) of elastomer; (e) compressing the ribbon (16) of elastomer in the 

20 expansion cavity (14) into an elastomer component such that the fibers are substantially oriented at 
angles to the processing direction in the expansion cavity (14); (f) collecting the component for 
storage or for direct use in an elastomeric product. In the method wherein the viscosity of the 
elastomer is maintained at Mooney viscosity of 30 to 80, the elastomer is processed at a speed of 
100 to 1000 mm/sec linear speed at the gate (12) and 1 to 100 mm/sec in the expansion cavity 

25 (14). 

In one embodiment an injection mold (50) is used for orienting fibers m an elastomer 
according to step (a), and further comprises the stqps of (g) attaching die (1 1) to the injection mold 
(50); (h) forcing polymer through spme (18) using ram (52); (T) collecting extnidate (17) having 
oriented fibers (20) therein or. collection roll (78). In addition a scrim (72) oiay be applied to the 
30 extnidate (1 7) as the extnidate is collected. 

Also, the method may include the ftiither steps of: Q) applying a piessBie of 10 to 30 
thousand psi on polymer (54) with ram (52); and (k) applying a clamp force of 3 tons with 
pneumatic arm (56) against die (11). 

In a second embodiment, an extruder (30) is used for mixing fibers and an elastomer 
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according to step (a), and comprises the further steps of: (g) attaching an expanding die (11a) 
having a tapered runner (22) to the end (3 1) of extruder (30); (h) feeding an elastomer into extnider 
(30) through inlet (32); (i) mixing the elastomer in the extruder (30); (j) feeding elastomer through 
end (31) of extruder (30) into tapered runner (22) of die (1 la); and (k) collecting extnidate (17a) 
5 from die (1 la). The method may further comprise the steps of: (1) maintaining the extrusion 
pressure in the extruder (30) at 5000 psi; and (m) maintaining clamping pressure on the die at 5000 
psi. 

The methods of the invention may include the further step of controlling the viscosity of an 
elastomer, the speed of extrusion, the length, height and width of the gate (12) and the expansion 
10 cavity (14) to maintain control of fiber orientation in an elastomer according to the formula 
% fibers oriented perpendicular to processing direction 

oc extrusion pressure x speed of extrusion x viscosity of elastomer x U 

h2 

An expansion cavity (14) used in expansion die (1 1) may have a gap height h, of 10 to 100 

15 times the hdght h2 of the gate (12). 

The method may include the further step of forming a tire component with the die and 
using an expansion cavity (14) having a length of 1.25 to 5.0 mm. 

An apparatus for producing an elastomeric component comprises an injection mold (50) 
having: (a) a chamber (55) for containing an elastomer (54); (b) a ram (52) for pressing elastomer 

20 (54) through sprue (18); (c) a pneumatic arm (56) associated with a moving mold (10a) and a fixed 
mold (10b) attached to end (51) of injection mold (50), having die plates (11) disposed 
therebetween characterized in that die plates (11) comprise an expansion die (11) for changing the 
orientation of fibers (20) in an elastomeric material, the expansion die comprising; (d) at least one 
inlet (18) for directing an elastomeric material into the die; (e) a narrow slit or gate (12) for 

25 receiving elastomer from the inlet (18) of gate (12) having a height hj and a length U adapted to 
form said elastomer into a ribbon of elastomer (16) and orient fibers (20) in said elastomeric ribbon 
(16) in the length direction U of the gate; (f) and a cavity portion (14) adjacent the gate (12), the 
cavity portion (14) having a length 1| and height h, adapted to collect and compress the ribbon (16) 
of elastomer and orient the fiber (20) substantiaiiy in the height direction of the cavity (14). A 

30 roller system (70) which comprises: (g) scrim take off roll (74) in proximity to pulley (76) which 
is adapted to direct scrim (72) ar.d extrudate (17) to take up roll (78) may be used with injection 
mold (50). 

A second apparatus for producing an elastomeric component comprises a twin screw 
extruder (30) having: (a) at least one inlet port (32) and a plurality of mixing segments 
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(34,36,38,40) and an extrusion end (31); (b) a die (11a) having a tapered runner (22) attached to 
said extrusion end (31) such that elastomer exiting extrusion end (31) enters tapered ninner (22) 
and is forced through gate (12) into expansion cavity (14); The apparatus of claim 14 comprising 
injection mold (50) and roller system (70) as described above. 

Also provided is a pneumatic tire (80) comprising at least a pair of annular beads (82), at 
least one carcass ply (84) wrapped around said beads, tread (86) disposed over said carcass plies in 
a crown portion (88) of the tire, and sidewalls (89) disposed betwe^ the tread and the beads, 
wherein the tread (86) comprises a rubber compound containing short fibers (20) oriented 
substantiaUy peipendicular to the surface of the tread, wherein a tread component used to form the 
tread (86) is made by forcing tread rubber through an expanding die. The tread (86) of tire (80) is 
made by extending a narrow component of fiber reinforced tread rubber through an expanding die 
(1 1), and laying the tread rubber in the crown area (88) of a tire. In the illustrated embodiment, 
tread nibber component comprises a plurality of turns on the tire carcass. 

Ill an alternative embodiment the tread (86) is divided into regions (21,21a,21b), and the 

fiber reinforcement (20,20a,20b) is oriented in a specific region independenUy of the orientation of 

the fiber reinforcement in other regions. 

Brief Description of the Drawings 

Fig. 1 is a top view of an expanding die of the invention. 

Fig. 2 is a side view of an expanding die. 

Fig. 3 is an end view of an expanding die. 

Fig. 4 illustrates a flow pattern (side view) of elastomer in an expanding die. 
Fig. 5 illustrates the fitting of an expanding die to an injection mold. 
Fig. 5a illustrates an expanding die having a tapered inlet for use with an extmder. 
Fig. 6 illustrates a possible method of collecting elastomer extrudate from an 
expanding die. 

Fig. 7 illustrates a tire having oriented fibers in the tread. 
Detailed Description of the Invention 

With reference now to Figs. 1 to 3, a die 11 is illustrated in a cross section top view, a 

cross SeC^^O" ^''^S vi^»T«r p,r>A pn ooW ^rv(C>TTr Y-<CkOir>ot<^4-;^r/-^lTr Tn^^ ^^r^ 11 U**-, ^ -p.^*^ t O U^...* 

. v^w.. c^^^ v^^vv , ^^.^ ^^c^a ^ ^c^c *4av:^;g a 

height hj a width W and a length I,. Expansion cavity 14 of die 11 has a width equal to the 
width W of gate 12, a length I, and a height h, . 

Sprue 18 is an inlet for elastomeric material to enter gate 12. 

Elastomeric material may be forced through sprue 18 with various pressure and speed, 
and the viscosity of the elastomeric material, together with its pressure and speed determine 
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how the elastomer spreads out, is deformed and is oriented in gate 12. 

Those skilled in the art wiU recognize that the size of the gate, the viscosity of the 
elastomer, the pressure exerted on the elastomer and the speed of the elastomer are somewhat 
interdependent. 

5 When the elastomer is loaded with a fiber 20, these factors, together with the length I2 

of the gate 12, determine the orientation of the fiber 20 as it exits gate 12. Those skilled in 
the art recognize that fibers in an elastomer tend to orient in the direction of processing of the 
elastomer, and if the length Ij of gate 12 is long enough, the length direction of fibers in an 
elastomer that is processed through gate 12 will be oriented in the direction of 1^ when the 
10 elastomer leaves gate 12. 

As illustrated in commonly assigned PCT/US96/15237, which is incorporated herein 
by reference, in an expanding die, such as expanding die 11 illustrated herein, elastomer tends 
to exit gate 12 in the form of a ribbon 16. Since an elastomer tends to hold its shape, the 
ribbon form 16 of the elastomer is maintained as the elastomer enters into e:q>ansion cavity 14 
of the expanding die 11, and as is illustrated in Fig. 4, the ribbon 16 tends to fold upon itself 
in expansion cavity 14. If the folds are compressed together in expansion cavity 14 to form a 
solid elastomer extrusion, the orientation of the fibers in the folds is maintained, and such 
fibers will be substantially perpendicular to the processing direction of the extrusion. 

Thus, if fibers 20 are incorporated in an elastomer in sprue 18, and the fibers orient in 
the direction Ij in gate 12, and maintain such orientation in ribbon 16 as it folds in expansion 
cavity 14, the fibers end up oriented in the direction of the height hj of expansion cavity 14. 
The fibers 20 are thus substantially oriented perpendicular to the width W and parallel to the 
height hj of the elastomer extrusion 17 that exits expansion cavity 14. 

With reference now to Fig. 5, the extrusion mold 10 of the invention comprises a 
moving mold 10a and a fixed mold 10b, and therebetween expanding die plates 11. Fixed 
mold 10b is attached to fixed end 51 of cavity 55 of injection mold 50. Fixed mold 10b is so 
designated since it remains fixed to the working portion of injection mold 50, i.e., cavity 55 
contains polymer 54 which is forced into fixed mold 10b by ram 52. By contrast, moving 
moid 10a is attached to pneumatic anr. 56 which is used to provide the clamping force that 
presses moving mold 10a and fixed mold 10b together during operation of injection mold 50. 

In the operation of an injectio!!i moid 50, a polyzner is mixed and ioad^ into cavity 55 
of an injection mold 50. Preferably, the injection mold is operated continuously until ram 52 
forces all of polymer 54 out of cavity 55 through the extrusion mold 10 and out of expansion 
cavity 14 of expansion die 11. 
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Although the original concept of the invention was to orient fibers perpendicular to the 
surface of the tread in a tire, it was found that the orientation of the fibers could be varied by 
the speed of the extrusion, the lengths 1, and Ij of the gate 12 and expansion cavity 14, 
respectively, the viscosity of the elastomer and the height h^ of gate 12, This observation 
suggested to the inventors that the process could be controlled to provide specific orientation 
of fibers or fillers in specific parts of a product, a tire tread for example, for specialized 
purposes. 

Using a tire tread as an example, the center of the tread may be prepared with fibers 
perpendicular to the tread surface to improve traction and treadwear, and fibers may be 
oriented at an angle of less than 90°, or less than all the fibers may be oriented at 90° in the 
outside shoulder of the tire, to improve stability and handling while turning, where opposite 
angles can be used in the inside shoulder of the tire to improve grip and steering properties. 

With reference now to Fig. 5a, in an alternative embodiment, an extruder 30 can be 
used for continuously extruding polymer through an expanding die. 

When extruder 30 is a twin screw extruder, continuous operation can be maintained, as 
illustrated in U.S. Patent 5,711,904, which is incorporated herein by reference, since 
elastomer, and other ingredients of the elastomer composition, can be added to the twin screw 
extruder 30 through feed ports 32 which can be placed in barrel segments anywhere along the 
length of extruder barrel 33, and the ingredients mixed by the mixing action of screw 35. In 
the illustrated embodiment of Fig. 5, mixing segments 34 and 40, and portions of mixing 
segments 36 and 38 are shown. 

In the method of the invention, an elastomer mix containing short fibers is extruded 
through end 31 of the extruder 30 into expansion die 11a. 

Expansion die 11a is made having a tapered runner 22 which funnels the fiber 
containing elastomer through gate 12 and into expansion chamber 14. 

Tapered runner 22, with a wide entry end 23 is adapted to receive elastomer from end 
31 of the extruder without creating a large back pressure. Tapered runner 22, since it narrows 
as it approaches gate 12, is effective in partially orientin- fibers in the elastomer in the 
direction of processing. Since the fibers are already partially oriented when they reach gate 
12, it has been found that a short gate 12 can be used with expanding die 11a to achieve 
complete orientation of fibers m the processing direction. The expansion die otherwise 
functions in the same manner described above. 

A shorter gate further reduces back pressure on the extruder 30. Reduced back 
pressure may be important due to pressure limitations encountered while extruding elastomers 
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with a twin screw extruder. 

An example of a twin screw extruder that can be used in the method of the invention is 
one that can handle pressure as high as 5,000 psi. 

With reference now to Fig. 6, in a continuous method of preparing an elastomeric 
component, a tread for example, apparatus 70 is used in conjunction with the injection mold 
50, and extrudate 17 is combined with scrim 72 from scrim take off roll 74, over pulley 76, 
and a scrim/extrudate composite 17a is collected and stored on take up roll 78. Those skilled 
in the art will recognize that the same apparatus 70 can be used to coDect extrudate from a 
twin screw extruder 30 as illustrated in Fig. 5a. Scrim 72 keeps extrudate 17 from sticking to 
itself and is removed when extrudate 1 7 is used as a component in an elastomeric product. 

In the illustrated embodiment, scrim 72 is a smooth polymer that does not stick to the 
tread elastomer. The use of release paper, and other means to separate the layers of elastomer 
from each other will be apparent to those skilled in the art. 

With reference now to Fig. 7, a tire of the invention can be made having a fiber 
reinforced tire component where the fibers are oriented in any desired direction. In the 
illustrated embodiment, tire 80 has a tread 86 which is reinforced with fibers 20. It is 
believed that unproved traction and treadwear will be seen in a tire where fibers are oriented 
perpendicular to the tread surface. In the illustrated embodiment, fibers 20 are oriented 
perpendicular to the tread surface at the center of the tread, whereas some fibers 20a are 
oriented at about 45° and away from the rubber surface on the inside shoulder of the tire, and 
at 45° and toward the surface of the tire in an outside shoulder of the tire. It is believed that 
the inside shoulder will have more grip in cornering since the modulus of the rubber is 
greatest in the direction of fiber orientation, and the rabber at the surface of the tread is softer 
where fibers are oriented away from the surface. By the same reasoning, the outside shoulder, 
reinforced with fibers 20b directed at the curvature of the shoulder and perpendicular to the 
shoulder surface, will be harder and more firm in cornering maneuvers where the outside 
shoulder carries the weight of the vehicle while comering. 

Those skilled in the art will recognize that other reinforced tire components may 
improve tire performance when reinforced with fibers having a specific orientation. For 
example, an apex 85 with radially oriented fibers may improve the bending stiffness of the 
Sower sidewalJ of the tire. A sidewall 89 with axialJy oriented fibers may improve tlie scuff 
resistance of ihe sidewall. 

Other uses for specifically oriented fibers in a tire wiU be apparent to those skilled in 

the art. 
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In developing the invention it was observed that a thinner gate and a longer gate wiU 
result in a higher degree of fiber orientation. Also, it was found that rubber compounds will 
fold in a mold cavity upon exiting the gate if the ratio of expansion, which is defined as the 
height h, or thickness of a mold cavity 14 to the height hj or thickness of a gate 12, is 
sufficiently large. 

Continuous smooth extrudates were prepared successfiiUy with both expanding dies 
(0.005 inch and 0.010 inch gate). Best extrudates were produced at 0.15 inch/s injection 
speed using 5 tons and 35 tons clamping force for the 0.005 inch and 0.010 inch expanding 
dies, respectively. 

A continuous process using a twin screw extruder equipped with a specially designed 
expanding die was developed. It was found that continuous extrusion of treads with fibers 
oriented normal to the tread surface is possible with the expanding die technology, preferably 
with a high pressure (up to 5,000 psi) extruder. 

An Engel injection molder is capable of handling pressure up to 29,000 psi. The 
extruder is filled and the compound is injected through the expanding die. Then, the process 
is repeated without removing the extnidate to provide a continuous sheet of extmdate. 
Because this process is different from a conventional extrusion or injection process, it is called 
an injection/extnision process to distinguish it from previous technologies. 

The invention is further illustrated with reference to the foUowing examples. 
20 EXAMPLE 1 

Injection molding experiments were conducted using a 275 ton Engel injection molding 
machine equipped with a 0.1 inch plaque mold and with a fiber loaded race tire tread 
compound. The thickness of the mold cavity was 0.1 inch, which was the target thickness of 
the race tire tread. Five gates (thickness from 0.005 inch to 0.024 inch) and two injection 
speeds (0.05 inch/s and 0.2 inch/s) were used to prepare ten samples. This corresponded to 
expansion ratios of 4.2 to 20.0. The slower speed was used to simulate the slower extrusion 
process. 

Seven test samples were taken from various locations of each sample to measure the 
fiber orientaticr. by a solvent swelling method. 

Testing showed that fibers were oriented at the gate in the process direction and the 

degree of fiber orientation increased with incTozshtg iiijeclior. spssd or decreasLng gate 
thickness. 

Also, at the mold cavity immediately after the gate, there was almost no fiber 
orientation in the process direction, and ASR ranged from 0.962 - 1.060. The data also 
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showed fiber orientation in the thickness direction at this location, and ASR ranged from 
0.740 - 0.980. This indicated that the compound did fold in the mold cavity resulting in a 90 
degree change in fiber orientation direction. 

Down stream in the mold cavity, the degree of fiber orientation increased in the 
5 process direction due to reorientation of fibers. 

The data showed the degree of fiber orientation increased with decreasing gate 
thickness and increasing processing speed. However, both will increase the pressure drop that 
may exceed the machine capability. The data also suggest that the land length of the large sUt 
(expansion cavity 14) of the expanding die should be less than 1 inch so that re-orientation of 
10 fibers does not occur. This information was used to design the expanding die used in 
conducting extrusion trials. 

Mold Temperature: 40 °F set point 220 "F actual 

Barrel/Pot Temperature: 200 °F 

Shot Size: 53 inch 

15 Screw Speed: % or 100 ipm 

Injection Speed: ,05 inch/s and 0.2 inch/s 

A shot is a continuous extrusion of aU the contents of an injection mold, and the length 
of a shot varies with the amount of elastomer loaded into the injection mold and the height and 
width of the extrudate. 

20 Ten samples were prepared and fiber orientations of these samples were analyzed by 

the solvent swelling method. 

In the solvent swelling method, a circular or rectangular sample of elastomer is 
immersed in toluene. Before adding solvent, and after the sample reaches equiUbrium in the 
solvent, images of the sample are captured by video camera and stored in a computer. Then 
25 the dimensions of the sample in short and long axes are measured. The fiber orientation 
direction is in the short axis, and the degree of orientation as defined by the anisotropic sweU 
ratio which was (ASR) was determined by: ASR = (swell ratio in short axis)/(sweU ratio in 
long axis) 

The swell ratio in the above equation is the length after swell divided by the length 
30 before sweU. The smaller the ASR, the higher the degree of orientation. For an isotropic 
compound, the ASR value is 1. For a circular sample, there is no need to take pre-sweC 
images because of the uniform size in an axes. The equation for calculating ASR is simplified 

ASR = (length in short axis)/(length in long axis) 
It should be noted that the land lengths were 1.25 inch for the 0.024 inch, 0.016 inch 
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and 0.012 inch gates, but were reduced to 0.75 inch for the 0.010 inch gate and 0.25 inch for 
the 0.005 inch gate, respectively, due to the high injection pressure required. 

Short shot samples were also made to see whether compound folding occurred. The 
samples clearly showed a compound folding structure, even for a gate as thick as 0.024 inch 
(an expansion ratio of only 4.2). 

Increasing the injection speed or decreasing the gate thickness resulted in an increased 
degree of fiber orientation at the gate. 

ASR ranged from 0.962 - 0.997 and 0.988 - 1.060 for injection speeds of 0.2 inch/s 
and 0.05 inch/s, respectively. Downstiream of the gate, ASR decreased indicating an 
increased degree of fiber orientation in the process direction. This is expected due to flow in 
the process direction that resulted in re- orientation of the fibers. The data showed that the 
length of the large slit of tiie expanding die has to be less than 1 inch, so tiiat re-orientation of 
fibers does not occur. 

ASR data at the xz plane are also shown in Table 1. A smaller ASR means a higher 
degree of fiber orientation in tiie tiiickness direction. Without folding, fibers will be oriented 
in the process direction eitiier at the gate or in tiie mold cavity and ASR measured on the xz 
plane should be close to 1. ASR ranged ftom 0.740 - 0.958 and 0.896 - 0.980 for 0.05 inch 
and 0.2 inch/sec, respectively. 

Sample 1 was obtained from the gate, and samples 2 to 6 were obtained in sequence 
from the gate side of tiie mold to the ouflet of the mold. Samples a and b are rectangular 
samples obtained at the location of samples 2 and 3. 
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Table 1 
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Gate dunension 




0.05 inch/sec speed 


0.2 inch/ sec speed 


thickness x length 


Sample ED 


xy plane 


xz plane 


xy plane 


xz plane 




2 or a 


0.!S|75.= 
1.051 


0.931 


6.962 


0!933 


0.024 inch x 1.25 inch 


3 or b 


0.965 


0.973 


0.844 


1.080 




4 


1.028 




0.849 






5 


0.997 




0.874 






6 


1.042 




0.981 






l(gate) 


01900 




0.7S9 






2 or a 


0.996 


0.958 


0.979 


0.965 


0.016 inch X 1.25 inch 


3 orb 


1.005 


1.039 


0.929 


1.010 




4 


0.957 




0.851 






5 


1 ni o 










6 


1.004 




0.977 






1 (gate) 


0.939 


- 


0.766 






2 or a 


0.988 


0.910 


0.983 


0.980 


0.012 mch X 1.25 inch 


3 or b 


0.926 


0.972 


0.799 


1.113 




4 


0.914 




0.895 






5 












yj 


0.931 




0.946 






l.<^te) 
2 or a 


0i9i2::: 

1.060 


•• / J: 

0.936 


0.840 
0.987 


> 

0.896 


0.010 inch x 0.75 inch 


3 orb 


0.994 


0.944 


0.875 


1.074 




4 


0.999 




0.861 






5 


0.973 




0.812 






6 


1.064 




0.838 






1 (gate) 

2 or a 


1.002 


0.740 


0.997 


0.902 


0.005 inch x 0.25 inch 


3 or b 


1.025 


0.990 


0.895 


1,021 




4 


0.971 




0.895 






5 


0.919 




0.821 






6 


0.916 




0.881 
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Example 2 

This experiment was conducted to develop a continuous extrusion process for preparing 
short-fiber reinforced race tire treads with fibers oriented perpendicular to the tread surface. 

An expanding die was designed for use with a Berstorff twin-screw extruder (Fig. 5a). 
The die assembly consists of a tapered section 22 that connects to the outlet 31 of the 
extruder, a small slit 12 and a large slit 14. The height h^ of the large slit is 0. 1 inch. Three 
extrudates were prepared under identical conditions (barrel temperature and screw RPM) with 
three sizes of the small slit (0.005 inch, 0.007 inch and 0.010 inch thickness). 

These corresponded to expansion ratios of 20, 14.3 and 10. The lengths of the three 
sections are 0.75 ijich, 0.25 inch and 0.375 inch, respectively. 

All three extmdates showed folding structure when packing in the large slit was 
prevented. The folding was tight and uniform for the extrudate made with the 0.005 inch slit 
and became loose and irregular as the thickness of the slit increased. 

Fibers were oriented perpendicular to the tread surface and the degree of orientation 
increased with decreasing thickness of small slit or increasing die expansion ratio. The 
anisotropic swell ratios (ASR) ranged from 0.793 - 0.946. Swelling data also showed there 
was little fiber orientation in the extrusion direction of the extrudate. ASR values obtained 
were close to 1.0 for all three extrudates. 

The degree of fiber orientation in the thickness direction of the tread was much lower 
than that of the precursor sheet. ASR values were 0.776 for the precursor sheet and 0.946 for 
the tread prepared with a 0.010 inch slit. This showed that the low degree of fiber orientation 
in the tread was due mainly to the loose and irregular folding observed. 

High pressure capability, up to 5,000 psi, is required to extrude rubber without shut- 
down or leakage due to the smaU cross-sectional area of the small slit. 

From data obtained earlier, we knew 0.25 inch length is sufficient to orient the fibers 
for the 0.005 inch slit, but may not be enough for the 0.007 inch and 0.01 inch slits. 
However, due to the additional tapered section that also orients the fibers, the length of all 
small sUts was kept at 0.25 inch. 

Alteration of fiber orientation direction occurs in the large siit due to folding action. 
The required length of the large slit should be less than 1 inch otherwise re-orientation of 
fibers will occur, but the large slit has to be long enough so that compound will pack before 
leaving the die. For this experiment, we used one 0.375 inch long large slit and could add an 
additional 0.0375 inch piece if the length was not sufficient for the compound to pack. 

The trials were conducted using a Berstorff ZE40A co-rotating, intermeshing, twin- 
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screw extruder, as iUustrated in U.S. Patent 5,711,904 to Eswaren et al. The screw profile 
contained a single mixing section to soften the stock without adding unnecessary heat to the 
material or load on the extruder. The compound was fed as strips, approximately 1/2 inch 
wide, of fiber loaded race tire tread compound. The strips were fed into the opening where 
5 the feed hopper is normally mounted. 

The extruder was divided into 6 barrel segments and a feed zone section. The extruder 
is specified to handle pressures up to 5,000 psi. The die head used (Fig. 5a) did not have a 
pressure transducer. The closest pressure transducer was in the upstream port in the sixth 
barrel segment 40. Table 2 shows the conditions at which samples were collected with each of 
10 the die openings. 



Table 2. Twin Screw Extrusion Run Conditions 



Thickness of SmaU Slit 


0.005 inch 


0.007 inch 


0.01 inch 


Expansion Ratio 


20:1 


14.5:1 


10:1 


Screw Speed (RPM) 


40 


40 


40 


Set Barrel temperatures ("F) 


150 


150 


150 


Extruder torque (%) 


58 


46 


38 


Barrel Segment 6 pressure 


2245 


3016 (a) 


2260 


Leakage? 


Yes 


Yes 


No 



(a) pressure exceeded transducer limit (3016 psi) before leakage occurred. 
Extrusion Experiment : With the two smaller slit openings (0.005 inch and 0.007 inch), 

15 packed extrudate was produced first, but mbber eventually leaked out between the head flange 
and last barrel segment and the trials had to be shut down. This was due to the high pressure 
generated that exceeded the maximum sealing pressure of the tie rods, 5000 psi. There was 
no leakage for the 0.010 inch small slit and smooth extrudate was produced continuously. All 
three extmdates showed folding structure when packing in the large slit was prevented either 

20 due to leakage or by stretching slightly. Folding was tight and uniform for the extrudate made 
with a 0.005 inch slit. The folding became loose and irregular as the thickaess of the slit 
increased. This indicated that the degree of fiber orientation in the thickness direction will be 
reduced with increasing thickness of the small slit. This may due to the reduced compound 
spe^ through the small slit or a reduced expansion ratio. Tne volumetric flow rates through 

25 the three small slits are the same due to same screw speeds, but the linear compound speed 
through the 0.007 inch and 0.010 inch slits were 28.6% and 50% slower than the speed 
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through the 0.005 inch slit due to mcreased cross-sectional areas. 

Fiber Orientation: Two samples were taken from each packed extnidate to analyze the 
degree of fiber orientation. Results are given in Table 3. 

Table 3. Degree of Fiber Orientation of Extruded Samples. 



Thickness 
Of 

Small Slit 


Expansion 
Ratio 


xy plane sample 


xz plane sample 


Green Samples 


Cured Samples 


Cured Samples 


ASR 


reference 
direction 


ASR 


reference 
direction 


ASR 


reference 
direction 


0.005 inch 


20 


1.029 


X 


0.946 


X 


0.793 


z 


0.007 inch 


14.3 


1.000 


X 


0.916 


X 


0.887 


z 


0.010 inch 


10 


1.110 


X 


0.936 


X 


0.946 


z 


Fiber orientation direction is the reference direction if ASR < 
Fiber orientation direction is 90° to the reference direction if ASR > 
No fiber orientation, i.e., random or isotropic if ASR = 


1; 
1; 
= 1 



15 



There was little fiber orientation on the xy plane of the extrudates. ASR values of xy 
samples were close to 1.0 for all three extrudates. They ranged from 1.000 - 1.029 and 0.916 
- 0.946 for green and cured samples, respectively. Cured samples showed slight orientation in 
the extrusion direction that may be due to slight flow or relaxation during curing. The ASR 
10 data on the xz plane showed the fibers were indeed oriented in the thickness direction, or 
perpendicular to the tread surface, and that the degree of orientation increased with decreasing 
thickness of the smaU sUt. The ASR values of xz samples ranged from 0.793 - 0.946. These 
data are consistent with the observed extrudates. 
EXAMPLES 

As an alternative to extrusion, trials were conducted using a 275-ton Engel injection 
molding machine. The compound used was a fiber loaded race tire tread compound. The 
compound contained 1.5 phr Kevlar pulp. Table 4 shows the operating conditions of the 
experiment. 
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Table 4. Run Conditions of Injection/Extrusion Experiments 



Barrel/Pot Temperatures 


Set point 


200 


Actual 


200 


Mold Temperatures 


Set point 


250/250 »F 


Actual 


225/225 °F 


Injection speed 




0.05 - 0.15 inch/s 


Clamping Tonnage 




5 - 35 ton 



The trial was started for the expanding die #1 (0.005 inch to 0.100 inch expansion). 
By experimentation, the best conditions for injection speed and clamp force were 
determined. 

Trials for expanding Die #2 (0.010 inch to 0.110 inch expansion) were begun with 
0.15 inch/sec injection speed and 5 ton clamp force, the best condition for Die #1. Tlie 
extrudate had a wavy pattern in the center indicating the compound flowed faster at the center. 
This was due to a slight difference in thickness across the gate. Increasing the clamp force up 
to 35 tons solved the problem. Smooth extrudate was produced at 0.15 inch/sec injection 
speed and 35 ton clamp. 

The two best extrudates were selected for fiber orientation analysis by a solvent swell 
method and tested for Instron modulus in two directions (parallel and normal to the extrusion 
direction). 

Packed smooth extrudates were produced with both expanding dies (0.005 inch and 
0.010 inch gate). There was no compound leakage as occurred during the twin screw 
extrusion trial. This showed that the injection molding machine was capable of handling the 
high pressure required to push the compound through the thin gate. A slight variation in 
thickness of gate samples that resulted in a wavy pattern of extiiidate was discovered in initial 
tiials. After measuring the thickness of the whole die plate, it was realized the uniformity of 
the whole die plate was the problem. If it is tiiicker in the center, even just sUghtly, it win 
push the center parts of the gate closer after being clamped tightiy. This results in slightly 
smaller thickness and slower flow in the center. The reverse is true if it is thinner in the 
center. The problem was solved by varying the clamp force. 

Two kinds of samples were taken from each packed extrjdate at various locations to 
analyze the degree of fiber orientation by the solvent swelling method. One is a round sample 
for measuring the fiber orientation on the xy plane and the other is a rectangular type sample 
used for measuring fiber orientation on the xz plane. 
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Results of the solvent swell measurements are given in Table 5. The numbers given 
are the anisotropic sweU ratios and standard deviation of the test (ASR ± Standard Deviation). 
Table 5. Average Degree of Fiber Orientation of Extruded Samples 
ASR measurement direction: x/v or x/z. 



Die 
ID 


Gate 
thickness 


xy plane 
sample 


xz plane 
sample 


#1 


0.005 inch 


0.931 0.024 


0.895 0.088 


#2 


0.010 inch 


0.933 0.017 


0.907 0.038 



Die #1 has a thinner and shorter gate as compared to Die #2. The thinner gate resulted 
in better orientation, and the shorter gate resulted less orientation for the compounds used in 
this example. 

The expected fiber orientation structure for perfect folding condition is random on the 
xy plane (ASR =1) and oriented in the thickness direction of the xz plane. The main reason 
that fibers were oriented in the width direction was the way compound distributed prior to the 
gate. The compound flowed out of the sprue located at the center of the die plate into a 0. 125 
inch radius runner prior to the tapered zone and gate. This resulted in width direction flow 
and fiber orientation. The tapered zone and gate should re-orient the fiber in the extnision 
direction, but did not completely do the job. This was confirmed from solvent sweU 
measurements of gate samples. The fibers were oriented at 10 - 14° with respect to the 
extrusion direction as shown by an ASR which ranged from 0.69 - 0.82. 

Although fibers were not completely oriented normal to the tread surface as first 
envisioned, the fiber orientation direction was not parallel to the extnision direction as when 
prqjared by a standard extnision process. It occurred to the inventors that the width direction 
orientation in the tread may improve the lateral stiffness and thus the cornering property of the 
tire. 

It is believed that complete orientation can be achieved by increasing the gate length. 
Other adjustments that will achieve complete orientation will be apparent to t^ose skyied. in 
the art. 
Example 4 

This example illustrates making tires using a tread component with oriented fibers. 
Kevlar pulp reinforced tread extrudates were prepared using an Engei injection 
molding machine and an expanding die designed to orient the Kevlar pulp short fibers 
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perpendicular to the tread surface. The compound used contained 1.5 phr Kevlar pulp. The 
treads were formed by spUcing together 5 inch wide extnidates width-wise with the spUces 
located in the groove area of the tire treads. A total of 16 race tire treads (8 front and 8 rear) 
were assembled for curing and road tests. The tires were cured with no defects and sent to 
Spain for road testing on a private track. The treads pr^ared were submitted for various 
physical property tests. In addition, the extnidates were analyzed for fiber orientation by the 
solvent sweU method and tested for Instron modulus in three directions. 

With the expanding die, the normal extrusion direction orientation was prevented. The 
fibers were oriented in the thickness direction inside the sample (ASR=0.881), but the degree 
of orientation gradually reduced from the center to the surface (ASR= 1.009) of the sample. 
This was due to the folding mechanism as weU as the shear provided by the cavity wall. 

The data showed that the increase in modulus due to fiber reinforcement is mainly in 
the fiber orientation direction. The compound with 1.5 phr Kevlar pulp would approximately 
double the 300% modulus in the fiber direction, but had only slightiy higher 300% modulus in 
th& 90o to fiber orientation direction as compared to the non-fiber loaded control compound. 
The data showed fiber reinforcement has littie effect on rebound or Tan 5 values. 
The tiiickness of tiie tread required for the tire was 0.14 inch. Three ejq)anding dies 
tested had 0.010 inch gate tiiickness and 0.14 inch cavity Uiickness, but differed in gate and 
cavity lengths. No tapered zone was used in the expanding dies. Details of these die 
configurations are shown in Table 6 below: 

Table 6. Configuration of Expanding Dies 



ID 


Dimension 


Gate 


Cavity 


#1 


thickness 


0.010 inch 


0.140 inch 


length 


1.25 inch 


1.25 inch 


#2 


thickness 


0.010 inch 


0.140 inch 


length 


0.75 inch 


0.602 inch 


#3 


thickness 


0.010 inch 


0.140 inch 


length 

— _a, 


1 inch 


1 inch 

— ■ . — .. 1 



Trials with Die #3, were most successful under the conditions encountered. Smooth 
extrjdEte was produced witiiout problem. This die was used iu producing tiie treads for tiie 
25 tire build. 
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Id ject ion/Extrusion Experiments 

The process is semi-continuous with a 3 inch long shot size (three inch cavity 
expansion in injection mold) that produced about a 38 inch long extnidate per shot. The 3 
inch shot size was chosen because longer shots increased the gate temperature high enough to 
cause extnidate to heat up, soften and break under its own weight. 

Table 7 shows the operating conditions of the experiment. 

Table 7. Run Conditions of Injection/Extrusion Experiments 



Barrel/Pot Temperatures 



Mold Temperatures 



Injection speed 



Set point 



Actual 



Set point 



Actual 



200 



200 



250/250 



230/230 °F 



0.1 inch/ sec 



A windup system was incoiporated to continuously wind up the 5 inch wide 0,014 inch 
thick extnidate with release paper in between. Each windup roU contained 16 shots of 
extrudates, which is enough to make one front and one rear tire. 
Tread Preparation 

The front tire is 11.2 inches wide and has 3 grooves, while the rear tire is 15.2 inches 
wide and has 4 grooves. The circumferential splices were aligned with the grooves to prevent 
the splices from opening during use, this required 3 strips and 4 strips of the 5 inch wide 
extmdate for a front and a rear tire, respectively. These extrudates were hand laid up to the 
correct widths using a jig to control the tread width. The spUces were cut with an electric hot 
knife at an angle to create a very strong knitted splice. A total of 12 tires were built (6 front 
and 6 rear) and cured. All 12 tires passed inspection with no visible evidence of the splices. 
These tires were sent to Spain for road tests on a private track. 

Samples of the extnidate were tested for fiber orientation. The data showed that fibers 
were essentially random on either the xy or xz plane. The fibers were oriented only slightly in 
the extrusion direction on the xy plane or the thickness direction on the xz plane. 
Physical Properties of injected/jtixtruded Compound: 

To examine the effect of fiber reinforcement on this compound, tread was also 
prepared under identical operating conditions with non-fiber loaded control compound ar.d 
tested for Instron modulus in two directions. To obtain a correlation between anisotropic 
swell ratio and modulus ratio, both fiber loaded and non-fiber compounds were milled in two 
gauges (0.125 inch and 0.062 inch), cured, and tested for Instron modulus and fiber 



0117747A1 I > 



wo 01/1 7747 PCT/US99/20389 

19 

orientation. Results are given in Table 8. 



Table 8, Instron Modulus and Fiber orieatation 



Compound 


Process 


Testing 
direction 


Instron Modulus 

(Large sample, 4.5 x20 mm) 


iVOJx 










on 0/ 




1UU% 


'yr^fx Of 

300% 




23 


£xt/Inj 


Extrusion 


0.77 


0.96 


1.14 


1.31 


2.70 






Width 


U.DO 


0.79 


1.02 


1.35 


2.94 


38 


Ext/Inj 


Extrusion 


U.JO 


U.o9 


0.85 


0.93 


2.27 






Width 


0.60 


0.70 


0.83 


1.00 


2.71 


23 


Milled 


IVXiJLlCU 


1.27 


2.05 


2.82 


3.05 


5.02 


0.767 


0.125 

i 11^11 


Width 


0.78 


0.95 


1.18 


1.46 


3.04 




A/Til Ip-H 




1 TO 




1 A A 

J. 44 


5.47 


0.684 


0.062 
inch 


Width 


0.81 


0.89 


0.97 


1.09 


2.33 


38 


MiUed 


Milled 


0.66 


0.78 


0.92 


1.06 


2.72 




0.125 
inch 


Width 


0.68 


0.80 


0.89 


0.95 


2.24 


Milled 


MiUed 


0.76 


0.88 


1.01 


1.14 


2.81 




0.062 
inch 


Width 


0.76 


0.84 


0.91 


0.97 


2.17 



5 The data showed that the increase in modulus due to fiber reinforcement is mainly in 

the fiber orientation direction. 

The moduli are 100% - 200% higher in the fiber direction, but are only 10% - 50% 
higher in the 90© to fiber direction than their respective milled compounds. As the degree of 
orientation increased, the moduli increased \n the fiber orientation direction and decreased in 
10 the 90^ to fiber direction. For a con:pound with highly oriented fibers (nsilled at 0.062 irxh 
gauge, ASR=0.687), the moduli at 90° to fiber orientation direction approached those of a 
mon-filled compound. 

The data showed this compoisiid with L5 phr Kevlai would approximately douMe the 
300% modulus in the fiber direction, but had only moderately higher 300% moduli in the 90° 
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to fiber orientation direction. Because the 300% modulus of injected/extruded compound is 
only about 19% and 8.5% higher in the extrusion (y) and width (x) directions than the non- 
fiber control compound. This suggests that the fibers in the extruded compound were not 
oriented in either x or y direction, and thus should be oriented mainly in the thickness (z) 
5 direction of the tread. 

Accordingly, a low modulus rubber was used to make the fiber loaded tread, because 
of the expected increase in modulus due to fiber orientation. 

Road tests showed that the fiber loaded tires had better lap times, but the grooves were 
gone only after a few laps. This was due mainly to the low modulus of the fiber loaded 
10 compound. The 300% ATS modulus of this compound was 3.95 MPa vs 5,52 MPa for the 
control tire and the fibers did not increase the modulus, in general, as much as expected. This 
was because the fibers oriented in the thickness direction increased the modulus due to fiber 
reinforcement mainly in the thickness direction only, and apparently cornering in the turns 
caused rapid wear of the test tires. 
15 There was a slight fiber orientation in the width direction of the tread on the 90° plane 

which may result in improved lateral stiffness, cornering property and wear resistance. 
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CLAIMS 

1 . A method of continuously producing fiber reinforced elastomer components having length, 
depth and width and having fiber orientation at angles to the l^gth direction of said component, 
the method comprising the sequential stqjs of 

(a) extruding, injecting or calendering a fiber reinforced elastomer such that 
fibers are oriented in the direction of processing of said elastomer, 

(b) forcing said elastomer through a die (11) having a gate (12) having a gap 
height hj larger than the average length of said fiber, 

(c) providing an abit^t expansion cavity (14) in said die (11) adjacent to said 
gate (12), 

(d) maintaining the viscosity of said elastomer such that the elastomer passes 
through said gate (12) as a ribbon (16) of elastomer, 

(e) compressing said ribbon (16) of elastomer in said expansion cavity (14) into 
an dastomer component such that said fibers are substantially oriented at angles to the 
processing direction in said ejcpansion cavity (14), 

(f) collecting said componait for storage or for direct use in an elastomeric 
product, 

wherein the viscosity of said elastomer is maintained at Mooney viscosity of 30 to 
80, the elastomer is processed at a speed of 100 to 1000 mm/sec linear speed at the gate 
(12) and 1 to 100 nun/sec in the expansion cavity (14), 

2. The method of claim 1 wherein an injection mold (50) is used for orienting fibers in an 
elastomer according to step (a), and further comprising the steps of 

(g) attaching die (11) to said injection mold (50) 

(h) forcing polymer through sprue (18) using ram (52) 

(i) collecting extrudate (17) having oriented fibers (20) therein on a collection 
roll (78). 

3. The method of claim 2 comprising the further step of applying a scrim (72) to said 
extrudate (! 7) as said extnzdats is ccllcctod. 

4. The method of claim 2 comprising the further steps of 

(j) applying a pressure of 10 to 30 ^ojsand ps: on ix>!y.Tier (54) wi± ram (52). 
(k) flying a clamp force of 35 tons with pneumatic arm (56) against die (1 1). 



5. 



The method of claim 4 comprising the further steps of 
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(1) selecting said die (11) such that h is 0.75 inch to 1.25 inches, 1, is 0.60 inch to 
1.25 inches, h, is 0,01 inch, hj is 0. 14 inch and W is 5 inches. 

6. The method of claim 1 wherein an extruder (30) is used for mixing fibers and an elastomer 
according to step (a), and comprising the further steps of 

(g) attaching an expanding die (1 la) having a tapered runner (22) to the end (3 1) of 
extruder (30) 

(h) feeding an elastomer and fiber into extruder (30) through inlet (32) 

(i) mixing said elastomer in said extruder (30) 

(j) feeding elastomer through end (31) of extruder (30) into tapered runner (22) of 

die (11a), and 
(k) collecting extrudate (17a) from die (11a) 

7. The method of claim 6 further comprising the steps of 

(1) maintaining the extrusion pressure in said extruder (30) at 5000 psi, and 
(m) maintaining clamping pressure on said die at 5000 psi. 

8. The method of claim 1 or 6 comprising the further step of controlling the viscosity of an 
elastomer, the speed of extrusion, the length, height and width of the gate (12) and the expansion 
cavity (14) to maintain control of fiber orientation in an elastomer according to the formula 

Yo fibers oriented perpendicular to processing direction 

oc extrusion pressure x speed of extrusion x viscosity of elastomer x U 

h2 

9. The method of claim 1, 2 or 6 comprising the further step of providing an expansion cavity 
(14) having a gap height hi of 10 to 100 times the height hj of said gate. 

1 0. The method of claim 1, 2 or 6 comprising the further step of using a 1 to 6 phr Kevlar pulp 
as reinforcing fiber in said elastomer. 

1 1 . The method of claim 1, 2 or 6 comprising the further step of forming a tire component with 
said die and the expansion cavity (14) has a length of 1.25 to 5, 0 mm. 

12. An apparatus for producing an elastomeric component comprising an injection mold (50) 
having 

(a) a chamber (55) for containing an elastomer (54) 

(b) a ram (52) for pressing elastomer (54) through sprue (18) 

(c) a pneumatic znn (56) associated with a moving mold (lOa) and a fixed mold 
(10b) attached to end (51) of injection mold (50), having die plates (11) disposed 
therebetween, characterized in that die plates (11) comprise an expansion die (11) 
for changing the orientation of fibers (20) in an elastomeric material, said expansion 
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die comprising 

(d) at least one inlet (18) for directing an elastomeric material into said die, 

(e) a narrow slit or gate (12) for receiving elastomer from said inlet (18), said 
gate (12) having a height h^ and a length I2 adapted to form said elastomer into a ribbon of 
elastomer (16) and orient fibers (20) in said elastomeric ribbon (16) in the length direction 
I2 of said gate. 

(f) and a cavity portion (14) adjacrat said gate (12), said cavity portion (14) 
having a length 1, and height h, adapted to collect and compress said ribbon (16) of 
elastomer and orient said fiber (20) substantially in the height direction of said cavity (14). 

13. The apparatus of claim 12 comprising injection mold (50) and roller system (70) 
comprising 

(g) scrim take off roll (74) in proximity to pulley (76) which is adapted to direct 
scrim (72) and extmdate (17) to take up roll (78). 

14. An apparatus for producing an elastomeric component comprising a twin screw extruder 
(30) having 

(h) at least one inlet port (32) and a plurality of mixing segments (34,36,38,40) 
and an extrusion end (31) 

(i) a die (11a) having a tai)ered runner (22) attached to said extrusion end (31) 
such that elastomer exiting extrusion end (31) enters tapered runner (22) and is forced 
through gate (12) into expansion cavity (14). 

15. An apparatus for producing an elastomeric component comprising an injection mold (50) 
and roller system (70) comprising a scrim take off roll (74) in proximity to puUey (76) which is 
adapted to direct scrim (72) and extrudate (17) to take up roll (78). 

16. The apparatus of claim 12 wherein the expansion die (11) has a width W which 
corresponds substantially with the width of an elastomeric product or component. 

17. The apparatus of claim 16 wherein an expansion die (11) has a gate (12) having a length of 
1.25 to 5.0 mm and a height hj of said gate is 0,125 to 0.250 mm, and the ratio of said height to 

said length is 1/400 to 10/400. 

18. A pneumadc tire (80) comprising at least a pair of arinular beads (82), al least ono carcass 
ply (84) wrapped around said beads, tread (86) disposed over said carcass plies in a crown portion 
(88) of said tire, and sidewalls (89) disposed between said tread and said hosds, wherein said tread 
(86) comprises a mbber compound containing short fibers (20) oriented substantially perpendicular 
to the surface of said tread, wherein a tread component used to form said tread (86) is made by 
forcing tread rubber through an expanding die. 
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19. The tire of claim 18 wherein said tread (86) is made by extending a nairow cx)mponent of 
fiber reinforced tread rubber through an expanding die (11), and laying said tread rubber in the 
crown area (88) of a tire. 

20. The tire of claim 18 wherein said tread rubber component comprises a plurality of turns on 
5 said tire carcass. 

21. The tire of claim 18 wherein said tread (86) is divided into regions (21,21a,21b), and 
wherein fiber reinforcement (20,20a,20b) is oriented in a specific region independently of the 
orientation of the fiber reinforcement in other regions. 

22. The tire of claim 18 wherein a center region and an outside shoulder of die tread have fiber 
10 orientation perpendicular to the road contacting surface of the tread, and an inside shoulder of the 

tire has fiber orientation parallel to the road contacting surface of the tread.. 
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